We describe a transient-state polarized fluorescencebased method for detecting nucleic acids. An active ester of the phthalocyanine dye La Jolla BluetM was coupled to an oligonucleotide containing an amino group at its 5' end, and the conjugate was purified by HPLC chromatography. We monitored the hybridization characteristics of the conjugate with complementary oligonucleotides and RNA as targets by transient-state polarized fluorescence measurements. The method was comparable in sensitivity to isotopic and nonisotopic heterogeneous detection systems and was capable of detecting 1 fmol of a 382-base-long RNA transcript from human immunodeficiency virus type 1 (HIV-1) generated in a self-sustained sequence replication (3SR) reaction. (7, 8) . This fluorophor is highly sensitive in homogeneous immunoassays (9) and has the advantages of an absorbance maximum at 685 nm, a high molar absorption coefficient, and low nonspecific binding to biological molecules by its axial polyethylene glycol (PEG) ligands (10). Furthermore, the emission wavelength maximum (705 nm) of the dye in the near infrared region is well separated from the intrinsic fluorescence of biological molecules. The use of fluorescence detection, therefore, allows excellent discrimination between the dye signal and background signals in the test sample. Our approach is based on the increase in polarized fluorescence resulting from longer rotational relaxation times (11) of duplexes of the La Jolla Blue-oligonucleotide conjugate and its complementary targets. We monitored changes in polarized fluorescence with instrumentation that generates short excitation pulses with a laser diode source, and then used a photomultiplier-based transient-state detection system to measure the fluorescence signal (12). This simple nonisotopic "mix-and-read" hybridization assay has a sensitivity equivalent to some of the more complex heterogeneous assays currently available for the detection of single-stranded DNA and RNA. 
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Procedures

Instrumentation.
Fluorescence polarization measurements were performed on a Diatron transient-state fluorometer, which has a 685-nm laser diode (Toshiba, Tokyo, Japan; Model TOLD9 140) to excite the sample. The laser diode was pulsed for 2 ns at a 10-MHz repetition rate, and a thermal controller was used to maintain the diode temperature at 40 ± 0.1 #{176}C. The output optics consisted of an optical filter centered at 705 nm, a liquid crystal polarizer, and a photomultiplier tube (Hamamatsu, San Jose, CA; Model R2949). Emission from the sample was detected of the 3SR product solution, the entire 3SR reaction mixture can be used in the TSPF assay, thereby providing a fivefold increase in sensitivity.
Quantitation of an unknown sample can be achieved with calibration curves (see Figure 5 ). However, a number of different probe concentrations may be necessary for a wide dynamic range. An attractive feature of this fluorescence method is its potential for continuously monitoring the kinetics of homogeneous hybridization reactions. However, the current TSPF assay is compromised by poor hybridization efficiencies; target concentrations substantially higher than the probe are required to drive the reaction to completion ( Figure 5) . Incorporation of the following changes in the TSPF system may improve the sensitivity of the assay: The use of shorter oligonucleotide probes should provide a larger change in fluorescence polarization and faster hybridization, and any steric hindrance due to the presence of the large axial higand on the phthalocyanine dye may be minimized by using a smaller axial ligand than that of the La Jolla Blue. Based on the fluorescence intensities of 0.2 fmol of conjugate probe (>100 000 photon counts/20 s), it should therefore be possible to use lower concentrations of probe to detect targets in the attomole range. The ultimate limitation of the assay, however, is the dependence of the rates for hybrid formation on probe and target concentrations. At extremely low concentrations, this factor will become the critical determinant for the sensitivity of the assay.
